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IMPROVED FORGE WELDING PROCESS 

Background of -the Invention 

The invention relates to an improved forge welding 
process . 

Forge welding involves circumferential heating of the 
pipe ends that are to be joined and subsequently pressing 
the pipe ends together to form a metallurgical bond. 

A large variety of heating technologies may be used 
to make the pipe ends hot enough such that the 
metallurgical bond can be made. The heating techniques 
may involve electric, electromagnetic, induction, 
infrared, arcing and/or friction heating or combinations 
of these and other heating methods. 

When used in this specification the term forge 
welding is intended to encompass all techniques which 
involve circumferential heating of pipe ends and 
subsequent metallurgical bonding of the heated pipe ends, 
including welding techniques that are generally known as 
fusion or diffusion welding, friction welding, flash 
welding and/or butt welding. 

It is known from US patents 4,566,625 ; 4,736,084 ; 
4,669,650 and 5,721,413 issued to Per H. Moe that it may 
be beneficial to flush the pipe ends just before and 
during the forge welding operation with a reducing 
flushing gas, such as hydrogen or carbon monoxide, such 
that surface oxides are removed from the heated pipe ends 
and a metallurgical bond with a minimal amount of 
irregularities is obtained. It is also known 
from US patents 2,719,207 and 4,728,760 to use 
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non explosive gas mixtures comprising about 95% by volume 
of a substantially insert gas, such as argon, nitrogen 
and/or helium, and about 5% by volume of a reducing gas, 
such as hydrogen and/or carbon monoxide for flash welding 
5 and induction butt welding. 

Experiments have shown that forge welding techniques 
are capable to generate high quality metallurgical bonds 
between the tubular ends, in particular if the pipe ends 
are flushed with a reducing gas mixture during the 

10 welding operation, but that the red-hot pipe ends are 

generally deformed such that upsets are formed in the 
region of the welding zone. 

For obtaining a high quality forge weld joint it is 
required to keep the tubular ends fully aligned with the 

15 end faces parallel to each other at a well-defined 

spacing of a few millimeters only during the heat-up 
phase and to terminate the heat-up if the pipe ends have 
reached a preset temperature and to forge the tubular 
ends for a well-defined length and to cool them down 

20 quickly at a well defined cooling rate, which steps are 

difficult to accomplish at many sites where pipe ends are 
welded together, such as on oil rigs, pipelaying barges 
and many on-land sites where underground or above-ground 
pipelines are to be installed. 

25 It is an object of the present invention to provide 

an improved method for forge welding of tubulars, in 
particular well and/or other oil field tubulars such that 
a high quality metallurgical bond is obtained and the 
welding process can be carried out in only a few minutes. 

30 Summary of the Invention 

The improved method of forge welding tubulars 
according to the invention comprises heating the tubulars 
ends to be joined in a welding chamber to a predetermined 
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temperature while the heated tubular ends are maintained 
substantially aligned and parallel relative to each other 
and at a small spacing, whereupon the heated tubular ends 
are pressed against each other while a reducing shield 
5 gas is injected into the chamber to flush oxides from the 

tubular ends, in order to form a forge weld with a 
minimal amount of oxide inclusions and other 
irregularities, wherein during at least part of the heat 
up, forge welding and/or cool down steps the positions of 

10 the end surfaces are monitored by a number of 

circumf erentially spaced cameras which are coupled to a 
pyrometric and position monitoring system which 
automatically adjusts the position of the tubular ends 
relative to each other and the heat supplied to the end 

15 faces during the heating step until the pyrometric 

monitoring system indicates that the tubular end faces 
have reached a predetermined temperature, whereupon the 
end faces are moved towards each other along a distance 
which exceeds the spacing monitored between the end faces 

20 during the heating step with a selected extra distance, 

such that the end faces are firmly pressed against each 
other and the amount of external and/or internal upset of 
the tubular ends in the welding zone is limited to an 
acceptable level. 

25 Preferably a set of at least three cameras is 

arranged at regular circumferential spacing around the 
welding zone and the position monitoring system controls 
a gripping assembly which holds at least one of the 
tubulars such that during the heat up phase a spacing of 

30 only a few millimeters is maintained between the heated 

tubular end faces and the tubular ends move towards each 
other during the forge welding step over a distance which 
exceeds said spacing by less than a few millimeters. 



It is also preferred that, at least for part of the 
forge welding operation, a non-explosive flush gas 
mixture of a substantially inert gas and a reducing gas 
is injected into the welding chamber. A preferred non- 
explosive flush gas mixture comprises more than 90% by 
volume of nitrogen, argon and/or helium and more than 2 % 
by volume of hydrogen. 

Description of a preferred embodiment: 

The invention will be described in more detail and by 
way of example with reference to the accompanying Fig.l, 
which provides a schematic outline of the automated forge 
welding method according to the invention. 

As shown in Fig.l the positions of the tubular 
ends 3 and 4 that are to be forge welded together are 
monitored by cameras 1 and 2 which are coupled to a 
camera signal processor 5 which automatically controls a 
gripping assembly 6, such that the spacing S between the 
heated tubular ends 3 and 4 is well defined during the 
heat up phase and the tubular ends are moved towards each 
other when a pyrometric control unit indicates that the 
tubular ends have reached a predetermined minimum and/or 
maximum temperature along at least a substantial part of 
the circumference thereof , whereupon the gripping 
assembly is activated to move the tubular ends 3 and 4 
towards each other over a predetermined distance which 
exceeds said spacing S with an additional distance D of 
less than a . f ew millimeters, such that a forge weld is 
obtained of a substantially equal and high quality over 
the entire circumference of the forge welded ends and 
only minimal external and/or internal upsets of the forge 
welded ends is created , which upsets do not have to be 
removed afterwards by grinding, milling or machining. 
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CLAIMS 

1. A method of forge welding tubulars, wherein the 
tubular ends to be joined are heated in a welding chamber 
to a predetermined temperature while the heated tubular 
ends are maintained substantially aligned and parallel 

5 relative to each other and at a small spacing, whereupon 

the heated tubular ends are pressed against each other 
while a reducing shield gas is injected into the chamber 
to remove oxides from the tubular end in order to form a 
forge weld with a minimal amount of oxide inclusions and 

10 other irregularities , wherein during at least part of the 

heat up, forge welding and/or cool down steps the 
positions of the end surfaces are monitored by a number 
of circumf erentially spaced cameras which are coupled to 
a pyrometric and position monitoring system which 

15 automatically adjusts the position of the tubular ends 

relative to each other and the heat supplied to the end 
faces during the heating step until the pyrometric 
monitoring system indicates that the tubular end faces 
have reached a predetermined temperature, whereupon the 

20 end faces are moved towards each other along a distance 

which exceeds the spacing monitored between the end faces 
during the heating step with a selected extra distance, 
such that the end faces are firmly pressed against each 
other and the amount of external and/or internal upset of 

25 the tubular ends in the welding zone is limited to an 

acceptable level. 

2. The method of claim 1, wherein a set of at least 
three cameras is arranged at regular circumferential 
spacing around the welding zone and the position 



monitoring system controls a gripping assembly which 
holds at least one of the tubulars such that during the 
heat up phase a spacing of only a few millimeters is 
maintained between the heated tubular end faces and the 
tubular ends moved towards each other during the forge 
welding step over a distance which exceeds said spacing 
by less than a few millimeters. 

3. The method of claim 1, wherein during at least part 
of the forge welding operation a non-explosive flush gas 
mixture of a substantially inert gas and a reducing gas 
is injected into the welding chamber. 

4. The method of claim 3, wherein the non-explosive 
flush gas mixture comprises more than 90% by volume of 
nitrogen, argon and/or helium and more than 2 % by volume 
of hydrogen. 

5. The method of any preceding claim, wherein the joined 
tubulars are well and/or oilfield tubulars which are 
joined together by forge welding at or near a drilling 
rig, offshore platform, pipelaying unit or a similar 
drilling and/or oil and/or gas production facility. 
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ABSTRACT 

IMPROVED FORGE WELDING PROCESS 

An automated method for forge welding tubulars 
comprising heating the tubular end to be joined in a 
welding chamber to a predetermined temperature while the 
heated tubular ends are maintained substantially aligned 
and parallel relative to each other and at a small 
spacing, whereupon the heated tubular ends are pressed 
against each other while a reducing shield gas is 
injected into the chamber to reduce oxides from the 
tubular end to form a forge weld with a minimal amount of 
oxide inclusions and other irregularities , wherein during 
at least part of the heat up, forge welding and/or cool 
down steps the positions of the end surfaces are 
monitored by a number of circumf erentially spaced cameras 
which are coupled to a pyrometric and position monitoring 
system which automatically adjusts the position of the 
tubular ends relative to each other and the heat supplied 
to the end faces during the heating step until the 
pyrometric monitoring system indicates that the tubular 
end faces have reached a predetermined temperature, 
whereupon the end faces are moved towards each other 
along a distance which exceeds the spacing monitored 
between the end faces during the heating step with a 
selected extra distance, such that the end faces are 
firmly pressed against each other and the amount of 
external and/or internal upset of the tubular ends in the 
welding zone is limited to an acceptable level. 



(Fig.l) 
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